Introduction
Non-leptonic charm decays provide insights into both electro-weak and strong dynamics. This includes the study of long-distance hadronic effects, the approximate symmetries of strong interactions, and precision tests of the Standard Model.
In these proceedings we summarise recent results in nonleptonic branching fraction measurements of D 0 , D ± , and D ± s mesons, including measurements of relative and absolute branching fractions in inclusive and exclusive modes, radiative decays, and measurements of direct CP violation. Other aspects of hadronic charm decays are covered elsewhere in these proceedings [1] [2] [3] [4] [5] [6] [7] [8] [9] .
Charm decays to two pseudoscalars
CLEO-c has recently published the results of branching fractions of D 0 , D + , and D s decays to two pseudoscalars, based on an analysis of CLEO-c's full data set [10] , with 818 pb pairs. Many of the resulting branching fraction measurements are more precise than the previous world average [12] , and some decay modes have been seen for the first time. These results are summarised in Tab. 6 on page 7. In the table, as in the rest of this paper, the mention of one decay process always implies also the charge-conjugate process, and if a number is given with two uncertainties, the first refers to the statistical and the second to the systematic uncertainty. Bhattacharya & Rosner [11] have analysed these results in terms of the diagrammatic approach [13] [14] [15] [16] . The decay amplitudes are expressed in terms of topological quark-flow diagrams; the diagrams used in this analysis are given in Fig. 1 . These are not to be confused with Feynman diagrams. The amplitude represented by each di- [10] by Bhattacharya & Rosner [11] : Tree, Colour-suppressed tree, Annihiliation, Singlet-emission with Annihilation, Exchange, and Singlet-emission with Exchange.
agram includes the contributions from the weak and the strong interaction, to all orders, including long-distance effects. Flavour symmetries of the strong interaction are used to express different D 0 , D ± and D ± s two-body decay amplitudes in terms of the same set of six diagrams. Note that, because the amplitudes associated to each diagram include final state interaction, the amplitudes established from two body decays do not predict amplitudes for decays to three or more particles in the final state. The expressions for Cabibbo-favoured (CF) decays in terms of these diagrams are given in Tab. 3. The singlet contributions to these decays are deemed to be negligible. The table compares the measured branching fractions with the result from the best-fit to the quark flow diagram formalism for two solutions. One where the octet-singlet mixing angle θ η is fixed to θ η = arcsin(1/3) = 19.5 o , and another, where θ η is allowed to vary, giving θ η = 11 .7 o . The latter case has as many parameters as there are CF decay rates used as constraints, so the agreement between the prediction from the formalism given in the fifth column of Tab. 3, and the measured CF amplitudes given in the second, is exact by construction. A further solution, with |T | < |C|, is also discussed in the paper [11] . Figure 2 shows the construction of the amplitudes from the rates given in Tab. 3 for the case for the θ η = 11.7 o case. The numerical values are T = 3.003 ± 0.023
• These results are then used to predict the decay amplitudes of singly Cabibbo suppressed (SCS) and doubly Cabibbo suppressed (DCS) two body decays by assuming that the [11] .
Meson Decay
cos(θ η + 2φ 1 ) 0.962 1.002
sin(θ η + 2φ 1 ) 1.900 1.920
SCS (DCS) amplitudes are the CF amplitudes, scaled by a factor λ = sin θ c (λ 2 = sin 2 θ c ) where θ c is the Cabibbo angle. The predictions for decays involving kaons and pions only are mostly in reasonable agreement with measurement although the approach considerably overestimates
For SCS decays involving η and η , there are indications for a non-negligible contribution from the singlet annihilation diagram.
A detailed description of this approach and its result can be found in [11] and [13] [14] [15] [16] . A comprehensive review of hadronic charm decays and their analysis using this and other methods can be found in [17] .
As pointed out by Bigi & Yamamoto [18] , the decay rates of 
are related by an interchange of u and s quarks. Assuming U-spin symmetry of the strong interaction, the decay rate asymmetry is given given by [18] :
A measurement of A K S,L π 0 therefore provides a test of U-spin symmetry, which is important for example for extracting the CP-violating parameter γ from B s → KK and B d → ππ decays [19, 20] . The reconstruction of D 0 → K L π 0 is challenging because it involves two neutral particles. CLEO-c uses its CsI calorimeter to identify the π 0 . The four-momentum of the practially invisible
given that the tag was found, is also determined in these simulations. It is essentially the efficiency for finding the without any fake extra particles.
For [21] . The points with error bars are data, and the solid line is a Monte Carlo simulation. The dashed, colored lines represent simulations of the peaking backgrounds. The difference in the peak position is understood and due to a minor discrepancy in the calorimeter simulation at large photon energies. reconstructed using beam constraints, benefiting from the very clean environment at CLEO-c where the DD pairs produced absorb the entire beam energy, with no underlying event. The resulting missing mass-squared distribution is shown in Fig. 4 . The assymmetry, measured in 281 pb
of data, is [21] :
which is in excellent agreement with the prediction by [18] based in U-spin symmetry. Theoretical prediction for the related asymmetry
are more difficult as there is no such clean symmetry. Using SU(3), Gao predicts (CLEO-c prel [27] )
the diagrammatic approach, Bhattacharya & Rosner [11] predict A K S,L π + = −0.005 ± 0.013. Both are consistent with CLEO-c's measurement [21] of
Decays to vector-mesons and η
BaBar analysed 467 fb −1 of data corresponding to about 1 billion D mesons. Preliminary results for the decay D 0 → Vη, where V = ω, φ, K * 0 , have been presented at the APS April meeting 2009 [23] . The ωη and K * 0 η mode have been observed for the first time. These results, and a previous measurement by BELLE [24] , are summarised in Tab. 1. The measurements are compared to predictions by Bhattacharya & Rosner [25] , who use the same diagrammatic approach that has been discussed earlier. This yields two solutions, of which solutions A is preferred. While Bhattacharya & Rosner [25] show in their paper that the predictions based on the diagrammatic approach agree well for many D 0 to vector-pseudoscalar decays, there are significant differences for two of the decays shown in Tab. 1.
Radiative decays
In 2008, BaBar reported the first observation of the decay D 0 →K * 0 γ [26] , and an improved measurement of D 0 →K * 0 γ. CLEO-c has since been able to confirm the observation of D 0 →K * 0 γ. In contrast to radiative B decays, radiative charm decays are dominated by longdistance contribution. One way to describe radiative decays is the Vector Meson Dominance (VMD) approach. The radiative decay is assumed to proceed predominantly via an off-shell ρ 0 that then annihilates into a photon, giving the following relationship between the decay amplitudes [28] 
where A(D 0 → V ρ 0 ) needs to be calculated taking into account that the ρ is off-shell. This predicts for the ratio of decays rates: We choose the scheme with the lowest total 2 value; in Monte Carlo simulation we find that we assign the photon to the correct D s greater than 95% of the time. The kinematic constraints on the detected particles improve the resolution in missing mass by around a factor of 2, whichever D s the photon is combined with. Furthermore, we can place cuts on the 2 of the kinematic constraints to reject combinatorial background. In the case of the momentum constraint we require 2 < 9, and in the case of the mass-difference constraint we require 2 < 4; with each constraint there is 1 degree of freedom. The requirement is looser for the momentum constraint because initial state radiation produces a tail in the momentum distribution.
The transition photon in the event has an energy in the laboratory of 110 -180 MeV. In this energy range there is the possibility of background clusters passing all the requirements for being a photon. Such background photons are particularly prevalent in events which contain antibaryefficiencies of requirements placed on the fit 2 and proton reconstruction and identification. This gives a branching fraction of 1:30 0: 36 10 ÿ3 , where the error shown is the statistical error in the signal yield only.
We have performed many checks to ensure that our analysis is not biased towards obtaining events only in FIG. 3 . The missing mass in the event after all requirements and kinematic fitting has been performed. The fit is described in the text. This is in fact the case:
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However, using (e/f ρ ) = 0.06 [29] , one would also expect
but the measured ratio for V =K * 0 as well as V = φ is
≈ 0.02 for V=K * 0 or φ which is about a factor of 6 larger than expected from the VMD approach.
The first observation of a meson decaying to two baryons has been made by CLEO-c in the mode D Although we understand qualitatively the enhancement of W -annihilation via final-state rescattering, it is difficult to make a quantitative statement about FSI effects in Fig. 2 . 4 Nevertheless, it is plausible to assume that the enhancement of W -annihilation in the baryonic D decay is similar to that in the mesonic decay
where ηq and ηs are defined as
in analog to the wave functions of ω and φ in ideal mixing. The wave functions of the η and η are given by η η = cos φ − sin φ sin φ cos φ ηq ηs .
In terms of the topological diagrams,
A simple calculation based on factorization yields
Contrary to D + s → pn, only the vector current will contribute to the πηq matrix element in the decay D + s → π + ηq. Since the short-distance W -annihilation vanishes in the chiral limit, the form factor F πηq 0 (q 2 ) is expected to be of order mπΛQCD/q 2 . The masses of ηq and ηs read [21] 
4 In principle, final-state rescattering effects can be phenomenologically modeled as one-particle-exchange processes at the hadron level (see e.g. [18] ). However, this task will be much more difficult for the baryonic decays. Although we understand qualitatively the enhancement of W -annihilation via final-state rescattering, it is difficult to make a quantitative statement about FSI effects in Fig. 2 . 4 Nevertheless, it is plausible to assume that the enhancement of W -annihilation in the baryonic D decay is similar to that in the mesonic decay D + s → π + ηq; that is,
4 In principle, final-state rescattering effects can be phenomenologically modeled as one-particle-exchange processes at the hadron level (see e.g. [18] ). However, this task will be much more difficult for the baryonic decays. 
Absolute Branching Fractions
Absolute Branching fraction measurements are particularly important for those decays frequently used as normalisation modes. BaBar, BELLE and CLEO-c published measurements of absolute branching fractions, using different techniques:
• BaBar obtains a normalisation by reconstructing D * → Dπ using only the slow pion in this decay chain, and information from the rest of the event, but not the D itself [32] .
• CLEO-c produces charm mesons always in pairs, either
One charm meson provides the normalisation for the decay rates of the other [34, 35] . Figure 8 shows the invariant mass distribution of D s pairs at CLEO-c. In the D 0 -D 0 system, there are complications and very interesting physics arising from quantum correlations which are discussed elsewhere in these proceedings [1] .
• BELLE uses the process
, again, one charm meson provides the normalisation for the other [33] . Figure 7 illustrates the significant increase in precision achieved in recent years for the most important normalisation modes. The full set of CLEO-c's absolute D s branching fractions measurements are given in Tab. 3, reproduced from [35] .
A frequently-used normalisation mode for D s branching ratios is the decay D s → φπ. This, however, is problematic because of interference effects in the
Dalitz plot, in particular from f(980) [37] [38] [39] . CLEO-c therefore publishes the absolute branching fraction for D
including the entire phase space. However, when using this as a normalisation mode, it can be advantageous to select events with a K + K − invariant mass
Important normalizing modes:
Charm branching fraction uncertainties affect e.g.
Great improvement in our knowledge in the last few years [35] , the world average branching fractions before CLEO-c's measurement [36] , ratios of branching fractions to B(D
, and charge asymmetries A CP . Uncertainties on CLEO-c measurements are statistical and systematic, respectively. Table reproduced from [35] Mode CLEO-c result B (%) [35] PDG 2007 fit B (%) [36] B/B(
2.2 ± 0.4 0.270 ± 0.009 ± 0.008 +4.9 ± 2.1 ± 0.9 Since then, CLEO-c has searched for the missing exclusive decay modes to ω, and found them [42] . The missing exclusive modes are mainly those were X is two or three pions. The full results are given in Tab. 4. [42] .
Mode
Direct CP violation CP violation in charm decays provides one of the most sensitive probes for New Physics, and we are only now reaching the sensitivity to exploit this opportunity. In this article, we restrict ourselves to the discussion of direct CP violation; CP violation in the interference between mixing and decay is discussed elsewhere in these proceedings [3] [4] [5] [6] [7] [8] [9] .
CP violation in the charm decays in the SM is expected to be small, at a level < 10 −3 [43] [44] [45] . However, new Physics can significantly enhance CP asymmetries, especially in the case of singly Cabibbo suppressed decays, which are sensitive to new contributions from QCD penguin operators. This could yield direct CP violating effects of O(10 −2 ) [46, 47] . The most precise measurements of direct CP asymmetries 
Results for these two modes, and averages, are listed in Tab. 5. Other direct CP violation measurements have been published by BaBar [57, 58] , BELLE [59, 60] , CLEO [10, 35, [61] [62] [63] [64] [65] [66] [67] , FOCUS [68, 69] , E791 [70] , and E687 [56] . This includes the recent CLEO-c results listed in Tab. 6. A comprehensive list of results and averages can found on the HFAG website [48] . No evidence for CP violation in the charm sector has emerged yet. It is interesting to note that the CDF result [51] in Tab. 5 was obtained with only approximately 2% of CDF's current dataset. A simple scaling of the statistical error suggests that, if CDF repeated this analysis with the full dataset, the statistical precision of this single measurement could match the current world-average. The challenge will of course be to control systematic uncertainties at a similar level, and there are other reasons why this simple scaling is too naive, such as the reduction in trigger efficiency for charm events at higher luminosities. But even with these caveats, this illustrates the importance and promise of charm physics at hadron colliders. Most of CDF's charm data have yet to be analysed, and even larger samples will soon be available at LHCb [71] , with the prospect of a rich charm physics programme with high sensitivity to New Physics.
Conclusions
Since the last CHARM conference in 2007, large new data samples have become available and have been analysed, resulting in dramatic improvements of the precsion of non-leptonic decay rates of charm mesons, and the discovery of many new decay channels. These are important parameters in their own right, provide tests of symmetries of the strong interaction such as U-spin and SU(3), and are set to provide important input for the analysis of B decays, as most B mesons decay to charm. One of the most sensitive probes for New Physics is CP violation in the charm sector, which is predicted to be < 10 −3 in the SM. While at CHARM 2007, the most precise measurements of direct CP violation achieved a precision at the percent level, today this has reached the permil level. So far, however, there has been no evidence for CP violation.
Dedicated charm experiments have unique capabilities, especially when running at the charm threshold, but are by no means the only source of charm physics. Many recent measurements have exploited the vast charm samples at the B factories and CDF. This is an encouraging trend in view of the start of data taking at LHCb. LHCb will collect unprecidented charm samples. CDF has shown that precision charm physics is possible at a hadron collider, and has, for most analyses, only used a fraction of its dataset. On the other hand, there will also be new results from the charm threshold with its unique properties: BES III is about to take data at the ψ(3770), and CLEO-c's dataset continues to be analysed. So the prospects for charm physics are bright, with continued analyses of e + e − data, new results from the charm threshold, and enourmous datasets collected at hadron colliders. [10] for details.)
0.41 ± 0.04 ± 0.02 0.0160 ± 0.0017 ± 0.0008 ± 0.0003 [40] . PDG [12] averages are shown in the last column, when available. Reproduced from [40] . 
